In a case-controlled study, we assessed the expressed seminal NAD-dependent protein deacetylase (SIRT1) expression in infertile oligoasthenoteratozoospermic (OAT) men associated with varicocoele. Our study involved 81 men, recruited from the University hospitals, after ethical approval and informed consent. They were allocated into fertile normozoospermic men (n = 23), infertile OAT men without varicocoele (n = 23) and infertile OAT men with varicocoele (n = 35). Inclusion criteria consisted of confirmation of abnormal semen parameters and normal female partners whereas exclusion criteria were leukocytospermia, tobacco smoking, hormonal therapy, immunological disorders, dyslipidemia, hypogonadism, cardiovascular disorders, morbid obesity, and hepatic or renal failures. All participants had an interview to assess clinical history, clinical examination, semen analysis, and estimation of seminal SIRT1 expression. Seminal SIRT1 expression was significantly lower in infertile OAT men than fertile men. Among infertile OAT men, seminal SIRT1 expression was significantly lower in those with varicocoele than in those without. Additionally, seminal SIRT1 expression was significantly lower in varicocoele grade III cases compared with other grades. Seminal SIRT1 expression was positively correlated with sperm concentration (r = 0.327, p = 0.001), total sperm motility (r = 0.532, p = 0.001), and sperm normal forms (r = 0.469, p = 0.001). Our results suggest that seminal SIRT1 expression has a role of male infertility being significantly decreased in infertile OAT men in general and in infertile OAT men associated with varicocoele in particular.
INTRODUCTION
Male factor infertility still remains an important problem contributing to a considerable part of the cases attending infertility clinics. Generally, clinical evaluation of semen parameters is confined to assessment of semen volume, density, count, motility, and morphology. However, even with the introduction of the standardized techniques of semen analysis, the predictive value of these parameters remain limited (Hofny et al., 2010; Sadek et al., 2011; Fuglesang & Sønksen, 2017; Sedaghatpour & Berookhim, 2017) .
Varicocoele is the most treatable cause of male infertility and is frequently associated with low sperm count, sperm motility, and sperm normal morphology . Several theories have been proposed for the mechanisms by which varicocoele might affect male fertility. These mechanisms include scrotal hyperthermia (Dada et al., 2002) , retrograde flow of adrenal or renal metabolites (Ito et al., 1982) , Leydig cell dysfunction (Raboch & Starka, 1971) , hypoxia (Gat et al., 2005) , seminal oxidative stress, and apoptosis (Mostafa et al., 2001 Celik-Ozenci et al., 2017) .
Lately, sirtuins have received attention for their various roles in physiological and pathological events, including life span extension, neurodegeneration, age-related disorders, obesity, heart disease, inflammation, and cancer (Carrizzo et al., 2013; Wilking et al., 2014) . In mammals, there are seven members of the sirtuin family, which are class III histone deacetylases with different functions, structures, and localization (Singh et al., 2017) . SIRT1 is a mammalian homolog of the yeast silent information regulator 2 (SIRT2) and is the most extensively studied sirtuin protein (Morris, 2013) . SIRT1 is a NAD + -dependent histone deacetylase with important roles in several biological processes that result in modifications of the acetylation status of histones and other proteins through different class I and class II histone deacetylase inhibitors . The physiological roles of mammalian SIRT1 seem to go beyond chromatin remodeling and DNA repair with involvement in cellular processes ranging from stress responses to the activation of survival or death pathway, regulation of energy metabolism, autophagy, inflammation, apoptosis, and senescence (Owczarz et al., 2017) . This study aimed to assess seminal SIRT1 expression in infertile OAT men with varicocoele relative to its expression in men with normal fertility.
MATERIALS AND METHODS
This case-controlled study involved 81 male patients who presented to the University Hospital after Institutional Review Board approval, whereas an informed consent was given by each patient before enrollment. These participants were allocated to three groups fertile normozoospermic men (n = 23), infertile OAT men without varicocoele (n = 23), and infertile OAT men with varicocoele (n = 35). Infertile OAT men were characterized by a lack of initiation of pregnancy within 1 year of unprotected sexual intercourse, with a sperm concentration <15 million/mL, total sperm motility <40%, and sperm normal morphology <4%. The inclusion criteria for these patients were confirmed abnormal semen parameters and female partners with no identified fertility problems. The exclusion criteria were leukocytospermia, tobacco smoking, hormonal therapy, immunological disorders, dyslipidemia, hypogonadism, cardiovascular disorders, morbid obesity, and hepatic or renal failure.
All participants underwent an interview to determine their relevant clinical history, as well as a clinical examination, semen analysis, and determination of seminal levels of SIRT1. Varicocoele was diagnosed by physical examination and scrotal color Doppler ultrasonography (ACUSON 128XB, Golden, CO, USA) in both the supine and upright positions.
Ejaculates were collected into sterile containers after 4 days of sexual abstinence for immediate analysis. More than one sample was provided by each subject 2 weeks apart. Semen was examined according to WHO guidelines (World Health Organization, 2010) . Sperm morphology was evaluated by phase-contrast microscopy, counting at least 200 spermatozoa using strict Kruger's criteria (Kruger et al., 1993) . Samples with >10 6 /mL white blood cells or with a positive bacterial culture were excluded.
Estimation of seminal SIRT1 expression by Western blotting
Seminal plasma (300 lL) was vortexed with 3 lL protease inhibitor cocktail (Sigma-Aldrich, Saint Louis, MO, USA) and centrifuged at 2000 g for 10 min. Then, the supernatant was centrifuged for 20 min at 10,000 g at 4°C. Clarified supernatant was diluted 1 : 1 with prechilled phosphate-buffered saline (PBS) containing 1% (v/v) protease inhibitor cocktail. The concentration of diluted seminal protein was measured by the bicinchoninic acid method with bovine serum albumin as a standard for comparison. Samples of diluted seminal protein (50 lg) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (10% acrylamide gel) with a Mini-Protean II system (Bio-Rad, Hercules, CA, USA). The proteins were transferred to polyvinylidene difluoride membranes (Pierce, Rockford, IL, USA) with a Bio-Rad Trans-Blot system. The membranes were washed with PBS and were blocked for 1 h at room temperature with 5% (w/v) skimmed milk powder in PBS. The manufacturer's instructions were followed for the primary antibody incubations. Blots were incubated overnight with antibodies for SIRT1 and beta-actin (Thermo Scientific, Rockford, IL, USA) at pH 7.6 at 4°C with gentle shaking. The membranes were then washed before being incubated at 37°C for 1 h with horseradish peroxidase-labeled secondary antibodies. Band intensity was analyzed by ChemiDoc TM imaging system with IMAGE LAB TM software version 5.1 (BioRad). The results were expressed in arbitrary units after normalization for levels of b-actin protein.
Statistical analysis
Statistical analysis was performed using SPSS software version 21 (SPSS Inc., Chicago, IL, USA). The data are presented as the mean and standard deviation (SD). Comparison between groups was carried out using student's t-test. The Pearson correlation test was used for determination of the level of correlation between different variables. p value <0.05 was considered statistically significant.
RESULTS
Seminal expression of SIRT1 was significantly lower in infertile OAT men than in fertile men whereas among infertile OAT men, it was also significantly lower in those with varicocoele than in those without (Table 1 , Fig. 1 ). Among infertile OAT men with varicocoele, 10 had grade I varicocoele, 11 had grade II varicocoele, and 14 had grade III varicocoele. Seminal SIRT1 expression was significantly lower in infertile men with grade II or grade III varicocoele than in those with grade I varicocoele, and it was also significantly lower in infertile men with grade III varicocoele than in those with grade II varicocoele ( Table 2) . Seminal SIRT1 expression was positively correlated with sperm concentration (r = 0.327, p = 0.001), total sperm motility (r = 0.532, p = 0.001), and sperm normal morphology (r = 0.469, p = 0.001), but not with the age (r = 0.089, p = 0.522) (Fig. 2) . 
DISCUSSION
The current study demonstrated significantly lower seminal SIRT1 expression in infertile OAT men with/without varicocoele than in fertile men as well as significantly lower expression in infertile OAT men with varicocoele than in infertile OAT men without varicocoele. Seminal SIRT1 expression showed significant positive correlations with sperm concentration, total sperm motility, and sperm normal forms. These results corroborate our proposal that seminal SIRT1 expression is a marker for semen parameters.
Although the relationship between seminal SIRT1 expression and varicocoele-associated male infertility has not previously been studied, it could be discussed by their common features, which are apoptosis and oxidative stress. The presence of high levels of seminal apoptotic markers and oxidative stress has previously been demonstrated in men with varicocoele-associated infertility (Zedan et al., 2009; Zalata et al., 2012; Tawadrous et al., 2013) .
Apoptosis is one of the pathophysiological mechanisms of testicular dysfunction that is associated with varicocoele. Lee et al., 2009 showed that downregulation of expression of the B-cell lymphoma 2 (Bcl-2) protein and upregulation of caspase-9 and activated caspase-3 expression are evident in the ipsilateral testes of rats 8-12 weeks after induction of experimental varicocoele, indicating gradually increased testicular apoptosis through the intrinsic pathway. Additionally, testicular apoptosis Figure 2 Correlation between SIRT1 expression, sperm parameters, and patient age in fertile and infertile men. Seminal SIRT1 expression (as determined by Western blotting, and shown on the X-axes, in arbitrary units) showed significant positive correlations with sperm concentration, sperm motility, and sperm normal forms, but no correlation with age.
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was manifested in men with varicocoele, in whom soluble Fas has a role in germ cell apoptosis (Hassan et al., 2009; Zedan et al., 2009) . In line, the levels of caspase-9 were higher in sperms from infertile OAT men with varicocoele than from those without varicocoele (Zalata et al., 2011) . Also, evidences suggested that tumor necrosis factor-related apoptosis-inducing ligand and its receptors have a role in the pathogenesis of varicocoele-induced testicular dysfunction with a negative effect on sperm motility and morphology (Celik et al., 2013; Eid & Younan, 2015) . Furthermore, varicocoele affects apoptosis regulator genes, as seminal BAX expression is significantly higher and Bcl-2 expression is significantly lower in men with varicocoele than in those without (Mostafa et al., 2014) . Finally, seminal levels of microRNA (miRNA)-122, miRNA-181a, and miRNA-34c5 are significantly lower in infertile OAT men with varicocoele than in those without varicocoele, or in fertile men (Mostafa et al., 2016a) . Compared with normal levels of SIRT1, overexpression significantly increases cell viability and markedly decreases the extent of apoptosis, by deacetylating lysine residues bound to protein kinase B and decreasing the activity of caspases 3 and 9 and their downstream pathways (Zhou et al., 2017) . SIRT1 also has a protective role in the regulation of epithelial cell apoptosis induced by hydrogen peroxide, through the ubiquitination and subsequent degradation of the transcription factor FOXO3a (Wang et al., 2015) . Furthermore, compared with normal expression of SIRT1, its upregulation increases expression of Bcl-2 and decreases expression of BAX (He et al., 2017) .
An important factor in the development of male infertility is oxidative stress, because of the high rate of cell division and mitochondrial oxygen consumption, as well as the high levels of unsaturated fatty acids, in the testicular tissue. Moreover, the level of oxygen pressure is low because of weakness of the testicular artery, resulting in competition among cells for oxygen. Additionally, controlled generation of reactive oxygen species (ROS) has a role in several physiological sperm functions, such as hyperactivation, capacitation, and acrosome reactions (Asadi et al., 2017) .
Many evidences suggest that varicocoele-associated male infertility is related to oxidative stress, with decreased seminal antioxidant defenses (Agarwal et al., 2014; Mostafa et al., 2015) . These adverse effects of varicocoele are well supported by the observation of improvements in seminal antioxidant levels after varicocoele repair (Mostafa et al., 2001; Mancini et al., 2004) . Results also demonstrate antioxidant effects of SIRT1, which increases the activity of vascular endothelial nitric oxide synthase (Nakata et al., 2013) . SIRT1 increases mitochondrial metabolism, subsequently reducing oxidative stress associated with age-related ROS generation (Ou et al., 2014) . SIRT1 expression and/or activity is thought to be impaired by supraphysiological levels of oxidative stress, which consequently disrupts endothelial homeostasis (Chen et al., 2013; Hori et al., 2013) . In addition, protection against oxidative stress may involve an equilibrium between SIRT1 and signal transducer and activator of transcription 3 (STAT3) (Li et al., 2015) . Silva et al. (2015) showed that individuals with varicocoele show significant negative correlations between sperm head morphological defects and the phosphorylated levels of protein kinase B, glycogen synthase kinase-3b, p38 mitogen-activated protein kinase, and STAT1.
In our study population, seminal SIRT1 expression in infertile OAT men with varicocoele was significantly negatively correlated with varicocoele grade. Results from previous studies have shown that varicocoele grade is positively associated with deleterious seminal effects (Vivas-Acevedo et al., 2010; Cocuzza et al., 2012) . In infertile OAT men with varicocoele, seminal oxidative stress and seminal levels of cyclooxygenases 1 and 2 are positively correlated with varicocoele grade (Mostafa et al., , 2016b . Seminal expression of BAX is significantly higher in men with varicocoele grade III than in men with lower grades of varicocoele (Mostafa et al., 2014) . Additionally, seminal levels of miRNA-122, miRNA-181a, and miRNA-34c5 decrease in infertile OAT men with varicocoele as a function of increasing varicocoele grade (Mostafa et al., 2016a) .
A limitation of our study is the lack of estimation of the relationship between seminal SIRT1 expression and various apoptotic and oxidative stress markers in men with varicocoele. In addition, estimation of the associations between seminal SIRT1 expression and semen parameters before and after varicocoele repair could help to clarify the precise role of this protein.
We conclude that seminal SIRT1 expression may have a role in male infertility. Levels of SIRT1 were significantly lower in infertile OAT men than in fertile men being lowest in infertile OAT men with varicocoele, in whom SIRT1 levels were significantly negatively correlated with varicocoele grade.
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